Abstract The aim of the present study was to investigate the virulence of the entomopathogenic fungus Metarhizium anisopliae (isolates PR 1 and GT 3 ) under osmotic stress condition. The virulence study of the fungus was conducted by three ways-growth (germination, vegetative growth and sporulation); enzymatic activities (chitinase, protease and lipase) of M. anisopliae and percentage mortality of Bemisia tabaci to M. anisopliae. Conidia of M. anisopliae were produced under different osmotic stress conditions as SDA medium as control, SDA medium with 0.5 M NaCl, SDA medium with 0.5 M KCl, SDA medium with 1 M NaCl and SDA medium with 1 M KCl. The germination percentage, vegetative growth, sporulation, chitinase and protease activities were highest for control of PR 1 isolate, reaching up to 97 %, 4.1 cm and 6.6 9 10 6 conidia/ml, 2.6 mU/ml and 1.7 lg/ml/min, respectively. These values decreased up to 86.7 %, 3.6 cm and 4.1 9 10 6 conidia/ml, 1.6 mU/ml and 1.0 lg/ml/min, respectively under osmotic stress. The lipase activity was highest for 0.5 M NaCl of PR 1 isolate, reaching up to 18.2 lmol/ml/min. The mortality percentage of B. tabaci was highest for control of PR 1 and GT 3 isolates, reaching up to 83.9 and 83.8 %, respectively. These values decreased up to 77.4 and 77.5 %, respectively under osmotic stress. This paper concludes that both the isolate PR 1 and GT 3 are virulent to B. tabaci under osmotic stress condition.
Introduction
The sweetpotato whitefly, Bemisia tabaci Gennadius (Hemiptera: Aleyrodidae) is extremely problematic to agricultural production, because it has high propensity to develop resistance to insect growth regulators [1] and neonicotinoid insecticides [2, 3] . An alternative control approach is the use of an entomopathogenic fungus, Metarhizium anisopliae. This entomopathogenic fungus has been reported to infect approximately 200 species of insects, in a variety of different crops including greenhouse brown vegetables and ornamentals [4] . It grows naturally in Malaysia and worldwide, causing disease in various insects [5] . Fungal virulence is not determined by one single factor but is dependent on a coordinated interplay between many, disparate pathogenicity determinants [6] . The cuticle of insect is composed of chitin fibrils embedded in a matrix of proteins, lipids, pigments and N-acylcatecholamines [7] . The entomopathogenic fungus secrets extracellular enzymes viz. chitinases, proteases and lipases to degrade the major constituents of the insect cuticle and allows hyphal penetration [8, 9] .
Counteracting osmotic changes is important for any cell, free-living or organism-bound, and this means that a fast response to osmotic stress is necessary [10] . Osmotic stress triggers an acute response aimed at recreating the osmotic balance between the intracellular and extracellular spaces. By altering the conditions of growth, fungi are seen to change the quantity and/or proportion of the endogenous reserves accumulated [11] , which may improve spore germination rate [12] . Therefore, effective physiological manipulation of inocula may improve spore quality and the establishment of the fungus, thus leading to improved efficacy of fungal-based biocontrol agents [13] . Keeping this view, the present study was conduced to investigate the virulence of M. anisopliae based on growth, enzymatic activity and mortality of B. tabaci under osmotic stress condition.
Material and Methods

Insect and Host Plant
The sweetpotato whitefly, Bemisia tabaci Gennadius (Hemiptera: Aleyrodidae) biotype Q was used in the present experiment [5] . B. tabaci population was maintained on eggplants, Solanum melongena L. for at least two successive generations before being used in the experiment. Seeds of eggplant (cv. Malaysian dark red) were obtained from Baker Creek Heirloom Seed Co. Ltd., Malaysia. They were grown individually in 15 cm-diameter plastic pots containing 1 kg autoclaved fertile soil, and at the 4-5 leaf stage, they were used in the experiment. These pots were placed into cages (60 9 60 9 60 cm). Mixed fertilizer (N:P:K = 13:7:15) were used 7 days after transplanting at the rate of 1 g per pot.
Entomopathogenic Fungus
The two strains-PR 1 (accession number JX041509) and GT 3 (accession number JX041511) of M. anisopliae were originally isolated from Coptotermes gestroi (Rhinotermitidae: Isoptera) in Malaysia. The isolates were chosen due to their virulence against B. tabaci [5] . They were cultured on Sabouraud dextrose agar (SDA: 4 % dextrose, 1 % peptone, 2 % agar) medium. Conidia of each isolate were collected from 15-day-old cultures (maintained at 25 ± 1°C, 70 ± 10 % RH, and L 12:D 12 photoperiod) and were suspended in water with 0.02 % Tween 80 (Bio Basic Inc., Canada). The conidia were quantified using a hemocytometer and a light microscope.
Conidial Production and Stress Treatment
Conidia were produced under different osmotic stress conditions as follows: (1) on SDA medium as control, (2) on SDA medium with 0.5 M NaCl, (3) on SDA medium with 0.5 M KCl, (4) on SDA medium with 1 M NaCl and (5) on SDA medium with 1 M KCl.
Growth Assay
The germination percentage of inoculumns was assessed by inoculating 0.5 ml conidial suspension (10 6 conidia/ml) in each of Petri dish containing SDA. The Petri dishes were incubated at 25 ± 1°C, 70 ± 10 % RH and L 12:D 12 photoperiod for 24 h. After 24 h, three separate fields were observed for germination at 940 magnification for each treatment and 100 conidia were observed randomly in each field. There were ten Petri dishes for each treatment. Conidia with germ tubes equal to or greater than the diameter of the conidia were considered to have germinated.
Conidia of M. anisopliae were suspended in the respective aqueous solution (10 8 conidia/ml) for vegetative growth and sporulation containing SDA into each Petri dish. The isolates were point inoculated into the centre of the agar with a 5 ll conidial suspension and the Petri dishes were incubated as same as germination assay. There were ten Petri dishes for each treatment. The measurements of colony diameter were investigated after 15 days of inoculation. The average of long and short diameter of every colony was calculated. Conidia from ten randomly selected plates from each treatment were dislodged by two washes of 50 ml 0.02 % Tween-80 and agitation for 15 min. Then, the conidia were counted using a compound microscope with a hemocytometer.
Enzyme Assay
The three basic enzymes-chitinase, protease and lipase of M. anisopliae were observed as a virulence of entomopathogen. For all enzyme assays, 150 ml Erlenmeyer flasks containing 50 ml of SDB were sterilized by autoclave. After cooling, 5 ml of a fungus suspension (10 7 conidia/ml) was inoculated to each flask and incubated at 37°C with shaking at 180 rpm for 5 days. After 5 days, the individual enzyme determination was described as follows.
Chitinase Activity
The colloidal chitin was obtained by a modification of the published method [14] . Chitin (20 g) from crab shell (Sigma Co., practical grade) was dissolved in 200 ml of concentrated HCl with stirring for 3 min at 40°C. The chitin was precipitated as a colloidal suspension by slowly adding water (2 L) adjusted to 5°C. Colloidal suspensions were collected by filtering through coarse filter paper; then the filtered colloidal suspension was washed with sterile water until the pH of the suspension was about 4.0.
Chitinase activity of M. anisopliae was assayed by the method of Yanai et al. [15] . After incubation period as mentioned above, the test tube containing 250 ll of 0.5 % colloidal chitin, 250 ll of 0.2 M sodium acetate buffer (pH 4), and 500 ll of enzyme solution was incubated for 2 h at 37°C. There were ten test tubes for each treatment. After centrifugation, 500 ll from the supernatant fluid was mixed with 100 ll of 0.8 M boric acid, and the pH of this mixed solution was adjusted to 10.2 with potassium hydroxide. The solution was heated for 3 min in boiling water. After the mixture was cooled, 3 ml of p-dimethylaminobenzaldehyde (DMAB) solution (1 g of DMAB dissolved in 100 ml of glacial acetic acid containing 1 % 5v/v6 hydrochloric acid) was added and the mixture was incubated for 20 min at 37°C. Absorbance was measured at 585 nm, and water was used as the blank. One unit of chitinase activity was defined as the amount of enzyme which produced sugars equivalent to 1 lmol of N-acetylglucosamine per min under the above condition.
Protease Activity
Proteolytic or caseinolytic activity of M. anisopliae was determined as given by Söderhäl and Unestam [16] . After incubation period, the content of each flask was filtered through Whatman no. 2 filter paper. There were ten test tubes for each treatment. The test tubes containing 1 ml of the filtrate culture were centrifuged at 12,0009g for 20 min (4°C) and were incubated in a water bath at 30°C. After 5 min, 1 ml of 2 % (w/v) vitamin-free casein solution in 0.5 M Tris-HCl buffer, pH 8.3, at the same temperature was then added to each tube. The mixture was incubated at 30°C for 15 min without shaking. The reaction was stopped by the addition of 5 ml of a 10 % (w/v) trichloroacetic acid (TCA) and samples were allowed to stand at 25°C for 1 h. After centrifugation at 3,0009g for 15 min, the supernatant was filtered and its absorbance was determined at 280 nm. Controls in which TCA was added to the filtrate before adding the substrate were prepared in parallel for all treatments. A mixture containing 1 ml buffer was used as blank and treated in the same manner. One unit of enzyme activity was defined as 1 lg of tyrosine released per minute.
Lipase Activity
Lipase activity of M. anisopliae was determined as described by Pignede et al. [17] . After incubation period, the substrate emulsion was prepared as 1:1 mixture of olive oil (50 ml) and gum arabic (50 ml, 10 % w/v). The test tube contained 1 ml of the spore suspension (10 7 conidia/ml), 5 ml substrate emulsion, and 2 ml of 50 mM phosphate buffer (pH 6.8) and was incubated for 1 h at 37°C with shaking. There were ten test tubes for each treatment. The reaction was stopped with 4 ml of acetone-ethanol (1:1) containing 0.09 % phenolphthalein as an indicator. Enzyme activity was determined by titration of fatty acid released with 50 mm NaOH. One international unit was defined as the enzyme activity that produced 1 lmol of fatty acid per ml per min.
Mortality of B. tabaci
The mortality percentage of B. tabaci by M. anisopliae was estimated on eggplant. When plants were 6 weeks old (4-5 true leaves), approximately 50 adult whiteflies (2 days old) were released onto each plant for 48 h to allow egg laying, after which adults were removed. The plants were then incubated for a further 12 days to allow eggs to hatch and reach the second larval instars. Afterwards, infested leaves were labeled and dipped into 10 8 conidia/ml of M. anisopliae on both leaf surfaces for 10 s. There were ten leaves for each treatment. The number of dead and living nymphs were recorded at day 8 post infection (25 ± 1°C, 70 ± 10 % RH and L 12:D 12 photoperiod) after dipping treatments on second instars were performed. Tween 80, 0.02 % without fungal suspension served as untreated control. Immature larvae were considered dead if they had lost their normal yellow-green color, turgidity, and smooth cuticle structure.
Statistical Analysis
The whole study was repeated three times with freshly prepared fungal suspension. The reduction percentage of each fungus growth parameter was calculated as under.
Reduction ð%Þ ¼ ðControl À InfestedÞ Â 100=Control:
Abbott's formula [18] was used to calculate the mortality percentage of B. tabaci. Data regarding germination percentage of M. anisopliae and mortality percentage of B. tabaci were arcsine transformed to normalize the data [19] before analysis of variance (ANOVA). All data were subjected to two-factor factorial analysis of variance (ANOVA-2) between different treatments and isolate followed by the Tukey's honestly significant difference (HSD) at 5 % level of significance for mean comparison. SAS software was used for all statistical analysis [20] . The results are presented untransformed in table and figure as mean ± standard error (SE).
Results and Discussion
Effect of Osmotic Stress on the Growth of M. anisopliae Two-way ANOVA results showed significant differences according to the HSD test among the strains of M. anisopliae on all variables of fungal growth viz. germination percentage (F = 58.01, P \ 0.0001, and df = 4, 299), vegetative growth (F = 16.97, P \ 0.0001, and df = 4, 299;) and sporulation (F = 36.55, P \ 0.0001, and df = 4, 299) when compared with their respective controls (Fig. 1) . The germination percentage, vegetative growth and sporulation were highest for control of PR 1 isolate, reaching up to 97 %, 4.1 cm and 6.6 9 10 6 conidia/ml, respectively (Fig. 1) . These values decreased up to 86.7 %, 3.6 cm and 4.1 9 10 6 conidia/ml, respectively for osmotic stress (Fig. 1) . The osmotic stress medium resulted in the lowest colony growth with fewer spores of Isaria fumosoroseus Wize (Hyphomycetes) [21] . The osmotic stress medium had the lowest colony growth per day, whereas the medium that yielded the highest vegetative growth differed among isolates [22] . Similarly, the conidial yield of various isolates of B. bassiana differed significantly among different media, but there was no significant difference in various media for M. anisopliae [22] .
SDA (Sabouraud dextrose agar) modified with KCl to raise the osmolarity of the medium (SDAM) that is significantly reduced germination of the conidia of three isolates of M. anisopliae in vitro [23] . Conidia grown on SDAM and minimal medium (MM) were more aggressive than conidia derived from SDA or yeast extract agar [23] . All the selected fungi except M. anisopliae (EBCL 02049) cultured on osmotic stress media attained lower colony growth (\32 mm) with low sporulation in M. anisopliae (strain 406) and B. bassiana (EBCL 03005) [24] . The strains of M. anisopliae from PDA exhibited the highest germination rate comparing other media, while the spores of the strains of I. fumosorosea grown on osmotic stress media showed the highest germination percentage [24] . An inverse phenomenon was also observed when conidia produced under osmotic stress on KCl at 0.75 M [6] and on glycerol media [25] increased virulence. Conidia produced under the higher osmotic stress (KCl or NaCl at 0.8 M) were more virulent than conidia produced on potato dextrose agar plus yeast extract medium (PDAY) [26] . Similarly, conidia produced under osmotic stress showed faster germination percentage than conidia from PDAY media [6, 27] .
Effect of Osmotic Stress on Enzymatic Activities of M. anisopliae
Two-way ANOVA results showed significant differences according to the HSD test among the strains of M. anisopliae on all variables of enzymatic activities of fungus viz. chitinase (F = 262.14, P \ 0.0001, and df = 4, 299), protease (F = 19.74, P \ 0.0001, and df = 4, 299) and lipase (F = 9.05, P \ 0.0001, and df = 4, 299) when compared with their respective controls (Fig. 2) . The chitinase and protease activities were highest for control of PR 1 isolate, reaching up to 2.6 mU/ml and 1.7 lg/ml/min, respectively; while the lipase activity was highest for 0.5 M NaCl of PR 1 isolate, reaching up to 18.2 lmol/ml/min (Fig. 2) . The chitinase and protease activities decreased up to 1.6 mU/ml and 1.0 lg/ml/min, respectively for osmotic stress (Fig. 2) . All treatments except 0.5 M NaCl of the isolate PR 1 reduced the lipase activity, but this treatment made an increase (2.8 %) in the lipase activity over control that is still unknown. The possible reason for such an enzymatic activity pattern can be the repression of carbon and nitrogen, as previously suggested for M. anisopliae [28] [29] [30] [31] . To study of different nutritional stress, a higher rate of protease and lipase activity were observed on the osmotic stress media [21] . The spores on osmotic stress media revealed the least Pr1 activity in B. bassiana and I. fumosorosea [24] . Table 1) . The mortality percentage of B. tabaci was highest for control of PR 1 and GT 3 isolates, reaching up to 83.9 and 83.8 %, respectively (Table 1) . These values decreased up to 77.4 and 77.5 %, respectively for osmotic stress ( Table 1 ). The isolate PR 1 performed the higher level of mortality of B. tabaci for all the treatments except 1 M KCl. The conidia produced from mycelia submerged in a high osmolarity medium with polyethylene glycol 200 (PEG) had increased virulence to the grasshopper, Schistocerca americana [27] . Minimum reduction percentage of the mortality of B. tabaci caused by the both isolates were observed when the conidia were produced under osmotic stress on KCl at 0.5 M. There were no difference in mortality levels from conidia produced under osmotic stress and the untreated control PDAY [26] . When M. anisopliae produced on nutrient-poor media, it increased the virulence of the insect [23] .
Conclusion
The results of the present work indicate that the tested isolates of M. anisopliae are pathogenic to B. tabaci under osmotic stress condition. The isolate PR 1 is comparatively more osmotic stress tolerant than the isolate GT 3 as measured by growth, enzymatic activity and mortality of B. tabaci. Therefore, the authors conclude that the isolate PR 1 might be more adoptable than the isolate GT 3 in adverse environmental conditions. It means that the isolate PR 1 is more virulent than the isolate GT 3 . 
